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1. 

BEARING ARRANGEMENT FOR HEAVY 
DUTY MARINE TRANSMISSION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to thermal expan 

sion in marine transmissions and more specifically to a bear 
ing arrangement to reduce the effects of thermal expansion in 
a marine transmission, which locates thrust bearings for a 
clutch shaftassembly as close as possible to reduce the effects 
of thermal expansion. 

2. Discussion of the Prior Art 
It is a common practice to fabricate marine transmission 

housings out of aluminum castings to reduce the overall 
weight of a transmission. However, aluminum castings have a 
different thermal expansion coefficient than steel; elements of 
clutch shaft assemblies are fabricated from steel. The greater 
the distance between thrust bearings retaining the clutch shaft 
assembly, the greater the disparity of thermal expansion 
lengths between the housing and the clutch shaft. The effect 
of the disparity between thermal expansion lengths is damage 
to the marine transmission housing, gears, bearings and other 
internal components attemperature extremes. It appears that 
the prior art fails to provide a solution to the problem of 
thermal expansion in marine transmissions. 

Accordingly, there is a clearly felt need in the art for a 
bearing arrangement to reduce the effects of thermal expan 
sion in marine transmission, which locates thrust bearings for 
a clutch shaft assembly as close as possible to reduce the 
effects of thermal expansion between dissimilar materials 
through the use of a special wear resistant thrust washer. 

SUMMARY OF THE INVENTION 

The present invention provides a bearing arrangement to 
reduce the effects of thermal expansion in a marine transmis 
Sion, which locates opposing thrust bearings on a clutch shaft 
as close as possible to each other. The bearing arrangement to 
reduce the effects of thermal expansion in a marine transmis 
sion (bearing arrangement) includes a pinion gear thrust bear 
ing, a clutch shaft thrust bearing, a shaft roller bearing and a 
thrust washer. A clutch shaft assembly includes a clutch shaft, 
a pinion gear and a clutch assembly. An inner race of the 
clutch shaft thrust bearing is retained on one end of the clutch 
shaft and an inner race of a shaft roller bearing is retained on 
the other end of the clutch shaft. An outer race of the clutch 
shaft thrust bearing is retained in one end of the transmission 
housing and an outer race of the shaft rollerbearing is retained 
in the other end of the transmission housing. 
The pinion gear may rotate in either direction relative to the 

clutch shaft, depending on clutch engagement. An inner race 
of the pinion gear thrust bearing is retained on one end of the 
pinion gear with a pinion bearing retainer. A pinion gear roller 
bearing is retained in substantially the other end of the pinion 
gear, Such that the pinion gear rotates relative to the clutch 
shaft. The thrust washer is retained on the pinion bearing 
retainer with at least two dowels. The inner race of the clutch 
shaft thrust bearing physically contacts the thrust washer and 
rotates relative thereto. The thrust washer is fabricated from a 
special material that is more resistant to wear than that of the 
prior art. Prior art thrust washers will wear out, after a short 
period of time, due to frictional contact with the clutch shaft 
thrust bearing. The thrust washer (fabricated from the special 
material) allows close placement of the thrust bearings. The 
special material has not been available, until just recently. The 
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length of thermal expansion is limited to the distance from the 
opposite ends of the two thrust bearings. 
An output shaft assembly includes an output shaft and an 

output gear. Inner races of first and second thrust bearings 
rotate in the same direction and thus are placed in contact with 
each other without wear occurring and especially to reduce 
the effects of thermal expansion. The first thrust bearing is 
retained between a first step in the output shaft, near one end 
thereof and a bearing retaining cap. The bearing retaining cap 
is attached to the transmission housing. The second thrust 
bearing is retained between the first thrust bearing, a tubular 
spacer and a second step in the output shaft. The shaft roller 
bearing is retained on substantially the other end of output 
shaft. The length of thermal expansion is limited to the dis 
tance from the opposite ends of the first and second thrust 
bearings. However, it is well known in the art to place thrust 
bearings in contact with each other on an output shaft of a 
transmission. 

Accordingly, it is an object of the present invention to 
provide a bearing arrangement, which locates thrust bearings 
for a clutch shaft assembly as close as possible to reduce the 
effects of thermal expansion between dissimilar materials 
through the use of a special thrust washer. 

These and additional objects, advantages, features and 
benefits of the present invention will become apparent from 
the following specification. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of a clutch shaft assembly 
of a prior art marine transmission having a large thermal 
expansion length or stack-up. 

FIG. 2 is an end view of a marine transmission of a bearing 
arrangement in accordance with the present invention. 

FIG.3 is a cross-sectional view of a marine transmission of 
a bearing arrangement in accordance with the present inven 
tion. 

FIG. 4 is an enlarged cross-sectional view of a clutch shaft 
assembly of a marine transmission having a bearing arrange 
ment in accordance with the present invention. 

FIG. 5 is an enlarged cross-sectional view of an output 
shaft assembly of a marine transmission having a bearing 
arrangement in accordance with the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference now to the drawings, and particularly to 
FIG. 1, there is shown a cross-sectional view of a prior art 
clutch shaft assembly 102 of a marine transmission 100. The 
length of thermal expansion in the transmission housing 104 
is defined from an outer surface of a first thrust bearing 106 to 
an outer surface of a second thrust bearing 108. The transmis 
sion housing 102 is fabricated from an aluminum alloy and a 
clutch shaft 110 of the clutch shaft assembly 102 is fabricated 
from steel. Steel and aluminum alloy have different rates of 
thermal expansion. The difference in thermal expansion rates 
can result in misalignment of components and/or damage to 
components in the transmission. 

FIG. 2 discloses an end view of a marine transmission 10. 
A cutting plane line 12 is drawn through a centerline of a 
primary clutch shaft assembly 14 and an output shaft assem 
bly 16. The marine transmission 10 also includes a secondary 
clutch shaft assembly 18 and a transmission housing 20. A 
cross section of the clutch shaft assembly 14 and the output 
shaft assembly 16 are illustrated in FIG. 3. With reference to 
FIG. 4, a bearing arrangement 1 includes a pinion gear thrust 
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bearing 22, a clutch shaft thrust bearing 24, a shaft roller 
bearing 26 and a thrust washer 30. 

The primary clutch shaft assembly 14 includes a clutch 
shaft 32, a pinion gear 34 and a clutch assembly 36. An inner 
race 38 of the clutch shaft thrust bearing 24 is retained on one 
end of the clutch shaft 32 and an inner race 40 of the shaft 
roller bearing 26 is retained on the other end of the clutch 
shaft 32. An outer race 42 of the clutch shaft thrust bearing 24 
is retained at one end of the transmission housing 20 and an 
outer race 44 of the shaft roller bearing 26 is retained in the 
other end of the transmission housing 20. The pinion gear 34 
rotates in either direction relative to the clutch shaft 32, 
depending on clutch engagement. An inner race 46 of the 
pinion gear thrust bearing 22 is retained on one end of the 
pinion gear 34 with a pinion bearing retainer 28. An outer race 
48 of the pinion gear thrust bearing 22 is retained in the 
transmission housing 20. The pinion bearing retainer 28 is 
preferably attached to the one end of the pinion gear 34 with 
fasteners (not shown) or the like. A pinion gear roller bearing 
49 is retained in a pinion bore 51 disposed in substantially the 
other end of the pinion gear 34. Such that the pinion gear 34 
rotates relative to the clutch shaft 32. 
The thrust washer 30 is retained on the pinion bearing 

retainer 28 with at least two dowels 50 or the like. The inner 
race 38 of the clutch shaft thrust bearing 24 physically con 
tacts the thrust washer 30 and frequently rotates in a direction 
opposite thereto. The thrust washer 30 is fabricated from a 
special material that is resistant to wear, due to frictional 
contact from the inner race 38 of the clutch shaft thrust bear 
ing 24. The special material was not available, until recently. 
The special material must have a pressure-velocity value of at 
least 100,000 psi-ft/min. A suitable special material is sold, 
under the trade name of Vespel SP-21. Vespel SP-21 is manu 
factured by DuPont, Inc. However, the special material 
should not be limited to Vespel SP-21, but should include any 
material that has pressure-Velocity characteristics of at least 
100.00 psi-ft/min. Thrust washers fabricated from even the 
hardest materials in the past would wear out in a short period 
of time and fail. The thrust washer 30 (fabricated from the 
special material) allows close placement of the thrust bear 
ings 22, 24. The length of thermal expansion is limited to the 
distance from the opposite ends of the two thrust bearings 22, 
24. 

With reference to FIG. 5, the output shaft assembly 16 
includes an output shaft 58 and an output gear 60. The output 
gear 60 is driven by the pinion gear 34. Inner races of a first 
thrust bearing 52 and a second thrust bearing 54 rotate in the 
same direction and thus are placed in contact with each other 
without inducing wear. The first thrust bearing 52 is retained 
between a first step 62 in the output shaft 58, near one end 
thereof and a bearing retaining cap 64. The bearing retaining 
cap 64 is attached to the transmission housing 20 with a 
plurality of fasteners 66. 
The second thrust bearing 54 is retained between the first 

thrust bearing 52, a tubular spacer 66 and a second step 68 in 
the output shaft 58. A shaft roller bearing 56 is retained 
between a third step 71 in the output shaft 58 and an output 
flange 70. The output flange 70 is secured to an end of the 
output shaft 58 with an end plate 72 and at least two fasteners 
74. The length of thermal expansion is limited to the distance 
from the opposite ends of the first and second thrust bearings. 
However, it is well known in the art to place thrust bearings in 
contact with each other on an output shaft of a transmission. 
The bearing arrangement 1 should not be limited to clutch 

shafts for marine transmissions, but should include any shaft 
application with an object that rotates on the shaft in a direc 
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4 
tion opposite of the shaft. The object could be a gear, a clutch, 
a clutch assembly or any other device. 

While particular embodiments of the invention have been 
shown and described, it will be obvious to those skilled in the 
art that changes and modifications may be made without 
departing from the invention in its broader aspects, and there 
fore, the aim in the appended claims is to cover all Such 
changes and modifications as fall within the true spirit and 
Scope of the invention. 

I claim: 
1. A bearing arrangement of a transmission to reduce the 

effects of thermal expansion comprising: 
a housing of the transmission made from a first material 

having a first thermal expansion coefficient; 
a first thrust bearing having an inner race and being 

retained on Substantially one end of a shaft, Substantially 
the other end of said shaft being supported by a roller 
bearing, wherein the shaft is made from a second mate 
rial having a second thermal expansion coefficient; 

an object rotating on and with respect to the shaft; 
a second thrust bearing having an inner race and being 

retained on said object with a bearing retainer that is 
arranged between the first and second thrust bearings; 
and 

a thrust washer that engages the bearing retainer, wherein 
the bearing retainer and thrust washer are sandwiched 
between the first and second thrust bearings so that the 
inner race of the one of the first and second thrust bear 
ings engages the bearing retainer and the inner race of 
the other one of the first and second thrust bearings 
engages the thrust washer. 

2. The bearing arrangement to reduce the effects of thermal 
expansion of claim 1, further comprising: 

said thrust washer being secured to said bearing retainer 
with at least two fasteners. 

3. The bearing arrangement to reduce the effects of thermal 
expansion of claim 1, further comprising: 

said object being a gear. 
4. The bearing arrangement to reduce the effects of thermal 

expansion of claim 1... further comprising: 
said shaft rotating in a direction opposite of said object. 
5. A bearing arrangement of a transmission to reduce the 

effects of thermal expansion comprising: 
a housing of the transmission made from a first material 

having a first thermal expansion coefficient; 
a first thrust bearing having an inner race and being 

retained on Substantially one end of a shaft, Substantially 
the other end of said shaft being supported by a roller 
bearing, wherein the shaft is made from a second mate 
rial having a second thermal expansion coefficient; 

an object rotating on and with respect to the shaft; 
a second thrust bearing having an inner race and being 

retained on the object such that the second thrust bearing 
is spaced from the shaft; and 

a thrust washer and a bearing retainer engaging each other 
and arranged so that one of the thrust washer and bearing 
retainer engages the inner race of the first thrust bearing 
and the other one of the thrust washer and bearing 
retainer engages the inner race of the second thrust bear 
ing so that the thrust washer transfers thrust loads 
between the first thrust bearing and the second thrust 
bearing so as to limita length of thermal expansion of the 
bearing arrangement corresponding to a distance 
between the first and second thrust bearings despite a 
disparity of thermal expansion coefficients between the 
housing and the shaft. 
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6. The bearing arrangement to reduce the effects of thermal 
expansion of claim 5, further comprising: 

said thrust washer being secured to the bearing retainer 
with at least two fasteners. 

7. The bearing arrangement to reduce the effects of thermal 
expansion of claim 5, wherein 

the thrust washer and the bearing retainer are concentri 
cally mounted on the shaft, the inner race of one of the 
first and second thrust bearings is concentrically 
mounted on the shaft, and the inner race of the other one 
of the first and second thrust bearings is concentrically 
mounted on a pinion gear that defines the object rotating 
on and with respect to the shaft. 

8. The bearing arrangement to reduce the effects of thermal 
expansion of claim 5, further comprising: 

said shaft rotating in a direction opposite of said object. 
9. The bearing arrangement to reduce the effects of thermal 

expansion of claim 5, further comprising: 
said object being a gear. 
10. The bearing arrangement to reduce the effects of ther 

mal expansion of claim 5, further comprising: 
said thrust washer being in contact with said first thrust 

bearing. 
11. A bearing arrangement of a transmission to reduce the 

effects of thermal expansion comprising: 
a housing of the transmission made from a first material 

having a first thermal expansion coefficient; 
a first thrust bearing having an inner race and being 

retained on Substantially one end of a shaft, Substantially 
the other end of said shaft being supported by a roller 
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bearing, wherein the shaft is made from a second mate 
rial having a second thermal expansion coefficient; 

a gear rotating on and with respect to the shaft; 
a second thrust bearing having an inner race and being 

retained on and radially over at least part of the gear, and 
a thrust washer and a bearing retainer engaging each other 

and arranged so that one of the thrust washer and bearing 
retainer engages the inner race of the first thrust bearing 
and the other one of the thrust washer and bearing 
retainer engages the inner race of the second thrust bear 
ing so that the thrust washer transfers thrust loads 
between the first and second thrust bearings so as to limit 
a length of thermal expansion of the bearing arrange 
ment corresponding to a distance between the first and 
second thrust bearings despite a disparity of thermal 
expansion coefficients between the housing and the 
shaft. 

12. The bearing arrangement to reduce the effects of ther 
mal expansion of claim 11, further comprising: 

said thrust washer being secured to the bearing retainer on 
the shaft with at least two fasteners. 

13. The bearing arrangement to reduce the effects of ther 
mal expansion of claim 11, further comprising: 

said thrust washer being secured to the bearing retainer, 
said bearing retainer being secured to an end of the gear. 

14. The bearing arrangement to reduce the effects of ther 
mal expansion of claim 11, further comprising: 

said shaft rotating in a direction opposite of said gear. 
k k k k k 


